Renewable energy resources: Fuel or Food?
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Abstract
In the 24" century a doubling of the global food and feeddpiiion is foreseen. This
growing demand will further increase the pressur¢he use of land, water and
nutrients. At the same time, the political movednewable energy sources has been
accelerating the use biomass, including crop predcammercially for biofuel and
power plants. Government directives, incited bgnealie change, high oil prices and
geo-political tensions, promote partial replacenwdriossil fuel by biofuels. Prices
and availability of commodities, used as staplaifand feed, becoming already
affected by the growing demand for bioenergy.

Many implications of this additional demand faofoel on the resource base
(land, water, biodiversity), environment, rural Bomy, food prices and social
Impacts are unknown. There are gaps in our knovel@dgarding the global capacity
for sustainable plant-based bioenergy productidnleamaintaining food security. It
is evident that commercial biomass production wolnpete with food crops for
arable land and fresh water resources. A quandamih crop productivity and
resource use efficiency is needed to meet the desrfan food, feed and fuel of a
global population in an environmentally sound and@economically beneficially
way. Opportunities and constraints will be discdsse
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Introduction

Shifting society’s dependence away from fossil ggeo renewable biomass
resources is generally viewed as an important ifrior to providing sustainable
energy supply for developing and developed counaral effective management of
greenhouse gas emissions (Ragauskals, 2006). The UN Earth Summit
Conference in Rio de Janeiro in 1992 launched &eion on the limitation of
greenhouse gas emissions to the atmosphere. Tingmiion is made operational in
so-called Kyoto Protocol. The Johannesburg SummBustainable Development in
2002 defined both energy and water as vital elestemtsustainable development
(Varis, 2007).

Bioenergy has two components: conventional-rurabl{tional) and
commercial-industrial (modern) energy services. \eotional-rural bioenergy is still
the most important source to household (cookingtihg, etc.) energy supply for the
2.5 billion people, mainly in Asia and Africa, Ing in a rural (83%) or peri-urban
(23%) environment (Sagar & Kartha, 2007). Bioenexggtributes for decades a quite
stable fraction (about 12 %) of total primary eryecgnsumption; over the last three
decades total energy consumption rose with 80 %biBenergy has been playing a
vital role in the provision of energy services be household level for centuries;
however, at the beginning of the 21th century emdbveloped countries large scale,
commercial use of biofuel is the most rapidly gmmywenewable energy source.



In 2001 the global use of energy amounted to Gdgaton oil-equivalents and
an average use per capita of 1.67 ton. The divisi@nergy sources over oil, coal,
gas, traditional biomass (wood, etc.), nuclear potwadroelectric power, modern
biomass (energy crops) and other renewable so(gapswind, solar) amounted to:
35, 23, 22,9, 7, >2, >1 and <1%, respectively Kiidonet al., 2007). A fuel is
considered a biofuel if it is derived from recentlypduced biomass, such as wood
and agricultural products or residues (Graeda., 2007). Ideally, a biofuel should be
carbon neutral; therefore, it should not contriltotéhe overall accumulation of
carbon in the atmosphere. Carbon in crops is deiffreen the photosynthetic
conversion of carbon dioxide in the atmospheret(cam CQ) determined by solar
radiation during the growing season and naturaue®s (climate, water, etc.) and
external inputs (fertilizers, pesticides, etc.o@iergy and food production are both
strongly linked with water use. Thus, under watemited conditions food as well as
bioenergy production will be restricted. The ex&iinputs are mostly manufactured
by using fossil fuels as is the case for transpgréind processing the biofuels. The
‘greeness” of a bioenergy crop is therefore higldpendent upon the resource use
efficiency of external inputs. Therefore, the tradies between the use of land and
water resources for food as well as for bioenetgpufl be taken into account.

Presently, bioenergy production is expanding, @afigen Brazil, the United
States and South-East Asia, where sugar caneaodrpalm oil are converted into
ethanol or biodiesel. Also the European Union (BQD3) set directives to increase
the use of biofuels. There are three key factodiwing interest in bioenergy for
commercial use:

- economic-driven rise in consumption, resultindnigher prices for fossil fuels;

- energy security and geo-political dependencegioins with a high volatility;

- anthropogenic-based GO emissions and climate change.

The rapid expansion will have a big impact on lasd and therefore also on food and
feed production.

Trendsin global and European food demand and supply

Crop yields stagnated for hundred of years showirlg an annual increase of only
0.5-1.0% (Evans, 1999). Since about 1960, whearfdsn was introduced in wheat
and rice and new genotypes became more resposéxdrnal inputs (nitrogen,
water, pesticides) yields were raised by 2-3% parryThis green revolution took
place in irrigated wheat and rice cropping systesspgecially in India and South-East
China, but also in the temperate regions of Eugypaing winter wheat. The
innovative technologies were based on a match pfamed genetic traits and
advanced crop managemeddbging andtiming of inputs). Thus, agronomic
development in north-western Europe over the mastdecades has shown
remarkable successes in raising yields per unéraf. The gap between actual and
potential yields declined considerably, which agglior crops such as winter wheat
(Spiertz, 2004) and potatoes (Haverkort & Koom&87); however, not for sugar
beet (Jaggard & Semenov, 2007). Thus, for somesagepetic yield improvement
should get priority while for other crops yieldsdae raised by further improving
crop management practices. In hot and dry enviromsnéke the Mediterranean
climate, crops suffer from multiple stresses. ramhsenvironments improvement of
yield capacity and stability can be more effecivathieved by taking into account
genotype-environment-management (GxExM) interast{@®eynolds & Trethowan,
2007).



The trend in past, present and future of globatlfeecurity is characterized by a
change from shortages to surpluses, resultingaridbd affluences in the developed
countries during the last decades; however, tmeltte the future is reversed by:

- arising demand due to a growing global populatind a change in diet.

- the steep increase in the conversion of food cirpshiofuel.

- adecline of cereal stocks due to climate-induceg €ailure (drought, etc.).
It is still unclear to what extend the growing gibdemand can be met by taking
more land into production or by a further increaserop productivity. Cassman et al.
(2003) argue that a quantum leap in crop produgtamd resource use efficiency is
still needed to meet the demands of a global paipualaf about 8 billion in 2020.
Currently food prices for poor people are at rispite the huge increases in
productivity of rice, wheat and maize. Food scarsttll exists for poor people (800
million) in regions with severe drought, diseased political instability. Runger &
Senauer (2007) estimated that the number of hupgpple will increase with about
16 million for each percentage increase of foodgswi When the current trend in food
prizes will sustain, then the number of people withonic food insecurity could rise
from 800 million to 1.2 billion in 2025.

Global diversity in land and water resour cesfor food and fuel production

What are the needs and demands of societies abalglcale? To analyze demands
and resources we should differentiate between emnts and regions. In a birds-eye
view some major trends are presented:

1. Europe

A continent with large resources of fertile landt b sharp decline in population
growth and therefore a stagnating demand for f&mli(sevelkt al., 2005). The
question is to what degree the policy shift from@gdtural production to ecological
and human services will affect the European rol¢henworld food and bioenergy
market? Europe does have ample resources (lanthtelj infrastructure, processing
industry, etc.) and a vast knowledge base to coetio play an important role to
support a growing world population with food, fesatl biofuel. Van Danat al.

(2007) calculated that in Central and Eastern Euggpmillion ha of agricultural land
can become available for the production of biofukén high-technology cropping
systems securing a high crop productivity wouldrteduced.

2. Russia and former soviet states

Land resources are vast. Furthermore, labour aedygrosts are low. At the moment
production costs of wheat production in the Ukraane only one-third of those in
France. This region can become very competitiyaranucing commodities like
maize and cereals, when crop management practeésmproved and transportation
of grain is facilitated by a better infrastructultas expected that the growth in
commercial biomass production in the former USSRestwill be higher than in
Western Europe (Varis, 2007).

3. Asia

A sustained, economic growth for almost severaades did increase prosperity in
China. This economic boom did already change tineatiel for food towards protein-
rich diets (Chen, 2007). The consumption of ricerdased and of dairy, fish and
(white meat) products increased. As a consequégg®pf the crop produce is
directly used for human consumption and more cdvaséd products are needed for
feeding the growing animal industry (Tosigal., 2003). This change in diet will
require more land to feed the population, becauseéygtivity per unit land area is
already quite high. In China, 20 % of the world plapion is fed from only 7% of the



global agricultural land and 30 % of the arablall@used for double or triple
cropping. The limits of sustainable crop productima almost reached; in regions
with intensive cropping systems there is alreadg\aeruse of fertilizers and in some
regions a fast depletion of the fresh water in fgsiiand rivers. However, this
intensive cultivated land is only 13% of the td&ald area (960 million ha); about
25% is used as forest and 27% as pasture. Moread-called ‘unused land’ in the
North-western part of China will be brought intdtauation for the production of
food, feed as well as biofuel (Mol, 20Qrs. com.: Guanghui Xie). The same trends
apply also for countries like Korea and VietnamSlutheast Asia, especially
Malaysia and Indonesia, the palm oil — biodiesdustry is becoming an important
sector, creating employment opportunities and econbenefits. However, the
transition of native forest into palm oil plantatgcreates major side-effects on the
environment (GHG-emissions, loss of biodiversitg,)e

4. North America

The USA is a technology and profit driven socistiiere multinationals and retailers
play a dominant role in the food chain and traddhggricultural commodities (e.qg.:
Cargill). It is still the major exporting country orop commodities, such as maize,
wheat and soybean. However, the booming ethandugtmn from maize grain since
the last 5 years caused an unbalance between dendrsdipply of maize. As a
consequence, maize prices rose abruptly (Cassmask&, 2007). To meet the
growing demand for maize the current trend in yirlttease of about 110 kg ha™

(a relative rate of 1.2%) have to be doubled. Laegd companies (Monsanto) are
optimistic that they can develop drought-toleramiza cultivars that will accelerate
the current rate of yield improvement.

5. Latin America

This continent does have still vast land resoureesiever, the inequity in land rights
and weak governance causes exploitation of frégid. With adequate knowledge
and new technology in some countries a large palestists for food and feed
production as well as the production of sugarcaaset ethanol production. Brazil is
the world leader in producing bio-ethanol, but alsong it as a renewable resource
replacing fossil fuels.

6. West Asia and North Africa (WANA-region).

Most of these countries suffer from a stagnatimgnemy, a booming population
growth, poverty and degraded resources (land, foneger, etc.). Most countries are
also vulnerable to climate change effects, sudieas and drought. These countries
become increasingly dependent on imports of gesrg consequence they import
also “virtual water”. The prospects for producmgre food and feed are not
promising; producing biofuel will not be viable,daise of the limited resources (land
and water). Regarding the climatic conditions, selgergy would be the first option.
However, it will require huge investments to upsaatw technologies.

7. Sub-Sahelian region and Southern Africa.

These countries are struggling with poverty andfoepidemic HIV-outbreak causing
starvation. In many countries the physical and Kedge infrastructure is lacking due
to political instability and / or weak governantand resources are rapidly declining
because of poor management, soil degradation amiémumining. New initiatives by
international donors are taken to reverse the ntitrend. Food security is still the
first priority; however, forest residues and agitieral residues are still important as
an energy source for cooking.

Demand for biofuel and potential supply by renewable resour ces



Bioenergy consumption has been important in mamoypeees, e.g. Brazil, China and
Scandinavian countries, for a long time. WrightG@previewed the energy
consumption in 2002 for some large countries agres. The contribution of
biomass to the total energy consumption in largentiees ranged from 2.8 (USA) to
27.2% (Brazil) and in Europe from 1.3 (The Netheds) to 20.0% (Finland). Since
the mid-1970s many research initiatives were takencrease the biomass resource
base for production of bioenergy. Perennial, iniclgdhort rotation woody crops
(e.g.:Eucalyptus, willow, palm oil, sugarcane, switch grass) aslaslannual crops
(cereals, rape seed) were considered. It was atdextlthat energy crops have been
most successful in penetrating the energy marketevbubsidies or tax incentives
have been applied by governments. However, theggmearket has dramatically
changed since 2002; fossil fuel prices rose frass than 50 $ to about $ 100 per
barrel. With the high rate of economic developnar€hina and India the demand
for fossil energy will continue to increase, whalethe same time the exploration of
new oil and coal fields faces more constraintst&ageo-political tensions,
environmental regulation). To what extent low-carlaofuels can meet future
demands depends also on the trade-offs with foodyation, GHG-emissions and
native habitat conversion. The GHG-advantagesay-based biofuels are challenged
by Fargioneet al. (2008); they conclude that these biofuels willateea ‘biofuel
carbon debt’ instead of a net profit. The sustalitgland vulnerability of biofuels
was analysed from the perspective of a sociologyetivorks and flows (Mol, 2007).
In his study, it was concluded that further devatept of biofuels will take place in
global integrated networks that require certificatand labelling systems to guarantee
quality and sustainability standards.

Conclusions

The rapidly growing demand for food, feed and feejuires a ®§ Green Revolution,
aiming at a quantum leap in increasing crop yielud resource use efficiencies
(water, nitrogen, etc.). Adaptation to climate dpaand a better tolerance to biotic
and abiotic stresses by genetic improvement wilbbkey importance. Furthermore,
knowledge-based tools should be developed to matiagese cropping systems in a
sustainable way and to exploit the genetic poteafiarop species and cultivars. A
life-cycle assessment of resource use efficierameseconomic profitability may
guide the choice of crop species and cultivarstgrown in a target environment
depending on the added value for specific purpdsest, feed or fuel.

References
- Cassman K. G. & Liska A. J., 2007. Food and fuekldb realistic or foolishBiofpr 1-6

- Cassman, Kenneth G., Dobermann Achim, Walters Ddni& Yang Haishun, 2003. Meeting
cereal demand while protecting natural resourcdsmproving environmental qualitAnnu.
Rev. Environ. Resour. 28: 10.1-10.44

- Chen Jie, 2007. Rapid urbanization in China: A odalllenge to soil protection and food
security.Catena 69: 1-15

- EU, 2003. Promotion of the use of biofuels ancebtienewable fuels for transport.
Website:http://ec.europa.eu/energy/res/leqgislation/biofuetshtm

- Evans L.T., 2005. The changing context for agrimalt sciencesl. Agric. Sci. 143: 7-10




Ewert F., Rounsevell M.D.A., Reginster I., Metzed. & Leemans R., 2005. Future
scenarios of European agricultural land use. Inizing changes in crop productiviigric.
Ecosyst. & Env. 107: 101-116

Fargione Joseph, Hill Jason, Tilman David, PoléStgphen & Hawthorne Peter, 2008. Land
clearing and the biofuel carbon deftiencexpress 7 Febr. 2008, 10.1126/science.1152747
Granda Cesar B., Zhu Li & Holtzapple Mark T., 208ustainable liquid biofuels and their
environmental impac&nv. Progress 26: 233-250

Haverkort A.J. & Kooman P.L., 1997. The use of ey analysis and modeling of growth
and development in potato ideotyping under condiitiaffecting yieldsEuphyt. 94: 191-200
Jaggard K.W. & Semenov M.A., 2007. The impact ahate change on sugar beet yield in
the UK: 1976-2004J. Agric. Sc. 145: 367-375

Mol Arthur P.J., 2007. Boundless Biofuels? Betwearironmental sustainability and
vulnerability. Sociologia Ruralis 47: 297-315

Ragauskas Arthur J., Williams Charlotte K., Davi®rian H.,et al., 2006. The path forward
for biofuels and biomaterials. Scier8¥l: 484-489

Reynolds M.P. & Trethowan R.M., 2007. Physiologicaérventions in breeding for
adaptation to abiotic stress. In: Scale and Conitgléx Plant Systems Research; Gene-Plant-
Crop RelationsHEds.: J.H.J. Spiertz, P.C. Struik and H.H. van Laarag&hingen UR Frontis
Series, Springer. P. 129-146

Rounsevell M.D.A., Ewert F., Reginster I., Leem&& Carter T., 2005. Future scenarios of
European agricultural land use. Il Estimating laisd changes and regional allocatiagric.,
Ecosyst.& Env. 107: 117-135

Runge C. F. & Senauer B., 2007. How biofuels catitalve the pooiroreign Affairs 3
(May/June), 41-46

Sagar Ambuj D. & Kartha Sivan, 2007. Bioenergy &ugtainable DevelopmenéPnu. Rev.
Environ. Resource 32: 131-167

Spiertz Hubert J., 2004. Cropping systems: yieldrowement of wheat in temperate
Northwestern Européencycl. Plant Crop Sci., 367-369

Tong Chengli, Hall Charles A.S. & Wang HongqingP30Land use changes in rice, wheat
and maize production in China (1961-1998jric., Ecosyst. & Env. 95; 523-536

Van Dam J., Faaij A.P.C., Lewandowski |. & Fisck&er 2007. Biomass production potentials
in Central and Eastern Europe under different sognddiomass & Bioenergy 31: 345-366
Varis Olli, 2007. Water demands for Bioenergy Piaithn. Water Resource Dev. 23: 519-535
Wilkinson P., Smith K. R., Joffe M. & Haines A.,@D. Energy and Health 1: A global
perspective on energy: health effects and injustifige Lancet 370, 965-978

Wright L., 2006. Worldwide commercial developmehb@menergy with a focus on energy-

based project8iomass & Bioenergy 30: 706-714



